We consider the effect of the faults-defects (FD) field on the following quantum phenomena: (i) the motion of a particle expressed by the Green function; (ii) thermodynamic phenomena expressed by the partition function. We use the path integral formulation based on the extended deformation gradient (EDG) tensor. This formulation connects the Green function of (i) with the partition function of (ii) to describe the thermodynamics in terms of a quantum particle motion. We obtain the following results: (a) The Lagrangian in the Green function includes the new potential consisting of stress functions that shift the path of the free particle from the shortest distance; (b) The solution of the partition function in one-dimensional space makes it possible to deduce the thermodynamic relations in the FD field. Such results could not be obtained by taking the traditional mechanical and quantum approaches, so the path integral formulation based on the EDG tensor is a useful tool.
INTRODUCTION
How can the effect of faults-defects (FD) field be expressed in terms of the quantum mechanics? Since we often take up the discontinuous material space in geophysics, there are numerous studies on the FD filed (e.g., Aki and Richards 2002, Teisseyre et al. 2006) . Although this approach is valuable for the basic research on earthquakes dynamics, it has been done from the viewpoint of the classical mechanics, but not the quantum one. One of the reasons why only few studies approach the quantum aspects of the FD field is that the physical and mathematical techniques required for the quantum analysis are more complicated than that required for the classical one. In this paper, we consider the simplest case: the motion of a quantum particle in the FD field. The first purpose of this paper is to express this case in terms of the path integral formulation (e.g., Feynman and Hibbs 1965) that allows the effect of the FD field to be derived from the quantum mechanics in an easy way. The order of procedure is as follows.
In Section 2, we take up the extended deformation gradient (EDG) tensor that expresses the effect of the FD field from the viewpoint of continuum theory of defects field (Yamasaki 2005) . Of course, the EDG tensor itself is a classical quantity, so the EDG tensor does not have direct connection with the quantum analysis. However, as we will see in Section 3, the path integral approach enables us to bring in the EDG tensor, i.e., the effect of the FD field for the quantum analysis. Then, using the path integral formulation based on the EDG tensor, we will try to derive the Green function that includes all the information about the motion of a quantum particle in the FD field. Now, there is a deep relationship between quantum mechanical Green function, written as a path integral, and the quantum mechanical partition function, familiar from statistical thermodynamics (Swanson 1992). Teisseyre and Majewski (2001) formulated earthquake statistical thermodynamics in terms of microscopic quantities (see also, Majewski and Teisseyre 1997). To quote Teisseyre and Majewski (2001) : Our approach of examining defect interaction at the atomic level may provide new insight into the phenomena of rock fracture and earthquakes. Then we attempt to formulate the earthquake thermodynamics in terms of more microscopic quantities, i.e., quantum mechanics based on the path integral formulation. Since various thermodynamic relations can be derived by a partition function, we calculate the partition function for the FD field in Section 4. This is the second and main purpose of this paper.
As we will see in Section 5, the statistical thermodynamics approach described above yields the following equations that are of interest in geophysics: (i) the ideal gas equation including the effect of the FD field; (ii) the relationship between the FD field and the finite temperature; (iii) the earthquake entropy (the information entropy in terms of the FD field).
The structure of this paper is as follows. In Section 2, we review the EDG tensor. In Section 3, by bringing this EDG tensor into the path integral
